Different extracts from sapwood, heartwood and bark from Morus alba, Albizzia lebbeck and Casuarina glauca were used as an antibacterial agent against the growth of some pathogenic bacteria. Methanol (80%) was used for the extraction and ethyl acetate, n-butanol, chloroform and water were used for the subsequent partitioning. The in vitro antibacterial activity was performed by disc diffusion and 96-well micro-plates methods. The antibacterial activity was compared with standard antibiotics. The ethyl acetate fraction (EtOAc fr) of wood and bark exhibited the strongest antibacterial activity against the studied bacterial strains. The most active extracts were observed by M. alba. The extracts of A. lebbeck and C. glauca showed a weak to moderate activity against the tested bacterial strains. These results are of interest since they have been obtained with methanol extract and its fractions dissolved into different solvents, and are not a pure product. It could be considered that the extracts of M. alba, A. lebbeck and C. glauca have a good potency level of antibacterial activity. The obtained results might be considered sufficient for further studies about the isolation and identification of active principles compounds especially from C. glauca.
Introduction
Natural products are gaining a revitalized attention in medical community and their therapeutic uses are gradually increasing. As many synthetic drugs have revealed serious side effects. Therefore, a better strategy is to look for natural substances with strong pharmacological action and less cytotoxicity. In the last few years much attention was directed to the potential health promoting properties of phytochemical compounds (Kartal, 2007) .
Morus alba L., known as white mulberry, is a short-lived, fast-growing, small to medium sized tree, native to northern China and is widely cultivated and naturalized elsewhere. Mulberry trees especially M. Alba is a widely found plant in Egypt. It is a wild plant available all over the year and found in a large amount in Beni-Suef governorate mainly in Beni-Suef villages (Hussein et al., 2010) . M. alba has garnered great attention for its antioxidative and antidiabetic effects and is an important ingredient of herbal tea (Lokegaonkar and Nabar, 2011) . Recent studies have shown M. alba has antioxidant, antibacterial, antiviral and anti-inflammatory properties (El-Beshbishy et al., 2006; Chung et al., 2003) . The plant is reported to contain the main active principles phytoconstituents like; tannins, phytosterols, sitosterols, saponins, triterpenes, flavanoids, benzofuran derivatives, morusimic acid, anthocyanins, anthroquinones, glycosides and oleanolic acid as the (Chen et al., 2005) . Some phenolic compounds (flavonoids, stilbenes and 2-arylbenzofurans) have been reported from M. Alba and have been known to show antimicrobial (Yogisha and Raveesha, 2009 ).
Albizzia lebbeck (L.) Benth., is a deciduous tree belonging to family Fabaceae with an unarmed deciduous tree of 12-21 m, compound leaves, flat oblong fruits, round cream colored seeds and grow wild (Hussain et al., 2008) . The bark is anthelmintic and used in the treatment of inflammation, bronchitis, toothache and leprosy (Rashid et al., 2003) and mainly used in dental infections. Previously studies showed that the plant contains phenolic glycosides, alkaloids, terpenoids, steroids, tannins, saponins, anthraquinones, flavonos and other phenolics (Rahul et al., 2010) .
Casuarina glauca Sieber, commonly known as the swamp she-oak, is a species of the family Casuarinaceae. Casuarina species are tropical and subtropical trees native to Australia, southeastern Asia and islands of the western Pacific Ocean. Among other uses, Casuarina trees are widely used as windbreaks for rehabilitating and stabilizing dunes, as ornamental trees and for timber and firewood production (El-Lakany, 1983) . Most of the studies on the antibacterial activity of the family Casuarinaceae were done using C. equisetifolia, and the recent report has demonstrated antibacterial activity of a C. equisetifolia against a variety of bacterial species (Ahsan et al., 2005) . Additionally, previous studies reported that the polyphenols and condensed tannins (casuarictin, casuarinin and casuariin) were found in the branchlets of C. glauca (Shimokawa et al., 1991; Okuda et al., 1983 
Materials and Methods

Tree Material
The wood and bark of M. alba, C. glauca and A. lebbeck used in the present study were collected from different locations at Alexandria City, Egypt. Plant vouchers were identified and stored for deposition at the Department of Forestry and Wood Technology, Faculty of Agriculture, Alexandria University.
Preparation of Extracts
Different parts of M. alba, C. glauca and A. lebbeck were air-dried under room temperature for at least one week, grounded to fine powder, placed on polyethylene bags and kept away from moisture in a dried place until use. Powdered plant materials (50 g) were extracted with 500 mL of methanol (80%) for 8 hrs using Soxhlet extractor apparatus at 40 °C and the solvent was evaporated under reduced pressure. The extracts were lyophilized, weighed and stocked in sealed vials at 4 °C until use. The weight of the extract was calculated per one kilogram of oven-dry weight of plant material (g/kg o.d.).
The methanol (MeOH) extract from each part was subsequently partitioned using separating-funnel into ethyl acetate (EtOAc), n-butanol (n-BuOH) and water (Aq). These fractions were separated with solvent/solvent group separation procedure used by the USA National Cancer Institute separation procedure (Aly et al., 2012; Suffness and Douros, 1979) .
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On the other hand, samples of about 3.6 g from the lyophilized MeOH extract were dissolved in 50mL of 99% MeOH and treated with an equal volume of 1% aqueous HCl and the alkaloids were precipitated by drop-wise addition of 10% NH 4 OH. The precipitate was collected by centrifugation (5000 rpm at 4 °C for 30 min) and washed with 1% NH 4 OH. The residue was then dissolved in a few drops of chloroform (CHCl 3 ) to obtain the precipitated alkaloids (Harborne, 1973) . The solvents were completely evaporated at 40 °C by rotary evaporator.
The MeOH extracts were subjected to qualitative phytochemical analysis for the presence of alkaloids, tannins, Phenols, saponins, steroids and flavonoids (Harborne, 1973) .
Antimicrobial Assay
Bacterial Strains
Three gram-positive bacteria; Bacillus cereus ATCC 14579, Bacillus subtilis ATCC 6633 and Staphylococcus aureus ATCC 6538; three gramnegative bacteria: Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 9027 and Serratia marcescens ATCC 13880 were used in the present study. The previous human pathogenic bacteria were supplied from the Division of Microbiology, Faculty of Science, Alexandria University, Egypt. Furthermore, the Gram-negative bacterium; Agrobacterium tumefaciens ATCC 33970, a plant pathogen was provided by the Plant Pathology Department, Faculty of Agriculture, Alexandria University, Egypt.
Disc Diffusion Assay
Kirby-Bauer method was used for disc diffusion method (NCCLS, 1997), with minor modification. Culture medium was used to maintain A. tumifaciens was (g/L, beef extract 5.0, yeast extract 1.0, peptone 5.0, sucrose 5.0 and MgSO 4 0.4, pH 7.2). Nutrient agar (NA) medium was used for maintenance of the other bacterial test organisms. Mueller Hinton Agar (MHA) medium was used for screening the antibacterial activities applying the disc diffusion method and then it was prepared and autoclaved.
The MHA plates were prepared by pouring about 15 mL of melted media into sterile Petri dishes to a depth of 5.0 mm and allowed to solidify for 5 min. From a pure culture; five colonies of the organism to be tested were transferred with a wire loop to a test tube containing 4 ml of Mueller Hinton broth (MHB). All five colonies had similar morphology and were picked successively. The tubes were incubated at 37 °C for 2 to 5 h to produce a moderately cloudy suspension.
Using sterile cotton swabs, 0.5 mL of fresh 24-hours old bacterial suspension were spread over the surface of MHA plates, the surface allowed drying. Sterile plain discs of 4 mm diameter (Whatman filter paper no. 1) were placed on the surface of agar plates and each disc was loaded with 30 L of the concentrated extract (200 µg/mL) dissolved in dimethylsulfoxide (DMSO, E. Merck, Germany) except EtOAcfr was dissolved in propylene glycol. The loaded discs were placed on the surface of medium and the compound was allowed to diffuse for 5 min and the plates were kept for incubation at 37 °C for 24 h. Negative control was prepared using respective solvent. Clindamycin (2 g/disc), novobiocin (30 g/disc), cephalothin (30 g/disc) and tetracycline (30 g/ disc) were used as positive controls with the respective bacteria. At the end of incubation, the inhibition zone (IZ) formed around the disc was measured in millimeter with transparent ruler. These studies were performed as an average of triplicate.
Minimum Inhibitory Concentrations (MICs) Assay
The extracts were subjected to a serial dilution (4, 8, 16, 32, 56, 128, 256 and 512 g/mL) . This was performed in 96-well micro-plates (Eloff, 1998; Elansary et al., 2012) by filling all wells, with 50 L sterile MHB with minor modification. Two wells were used as sterility and growth control respectively with the sterility control containing only Oxoid ® MHB, whilst the growth control containing both MHB as well as test organism. After adding 50 L of the bacterial suspension (10 5 CFU/mL) to each row (except for the sterility control), the micro-plate was covered and incubated overnight at 37 °C at 100% relative humidity. The following morning 50 L of a 0.2mg/mL solution of p-iodonitrotetrazolium violet (INT, Sigma-Aldrich) was added to each well and the plate was returned to the incubator for at least half an hour to ensure adequate color development.
For the determination of MICs values; the HME, n-BuOH fr, CHCl 3 fr and Aq fr were dissolved in DMSO and EtOAc fr was dissolved in propylene glycol. The stock solution was made up of a concentration of 512 g/mL using distilled water. Inhibition of the growth was indicated by a clear solution or a definite decrease in color reaction. This value was taken as the MIC of the extract or the lowest concentration that completely inhibited macroscopic growth of bacteria. Extracts with a MIC value of <125 µg/mL were considered active.
Antibiotic Resistance of Test Bacterial Strains
Antibiotic sensitivity of test strains was determined using the standard disc diffusion against a number of antibiotics. The efficacy of antibiotics per disc was as follows, clindamycin (2 g/disc), novobiocin (30 g/disc), cephalothin (30 g/disc), and tetracycline (30 g/disc).
Chemical Constituents of Fractionated Extracts by Gas Liquid Chromatography/Mass Spectrometry (GC-MS) Apparatus
Accordingly, identification of the chemical constituents of fractionated extracts were made using HB5890 gas liquid chromatography (GLC) coupled with HB5890B series mass spectrometer (MS) at Central Lab. Unit in High Institute of Public Health, Alexandria, Egypt. The gas liquid chromatography was equipped with a split less injector at 280 ºC, and a flame ionization detector (FID) was held at 300 ºC using helium as a carrier gas. Samples were separated on a capillary column (30 m long, and 0.25 mm internal diameter) HP-5 (Avondale, PA, USA) of 0.25 m film thickness. The temperature of the gas chromatograph column was programmed from 80 ºC to 100 ºC at a heating rate of 15 ºC/minute, and then increased to a maximum final temperature of 310 ºC at a heating rate of 5 ºC/minute, holding the maximum final temperature for a residence time of 10 minutes. The temperature of ion source in the mass spectrometer was held at 200ºC. All mass spectra were recorded in the electron impact ionization (EI) at 70 electron volts. The mass spectrometer was scanned from m/z 40 to 410 at a rate of two scans per second. An integrator automatically calculated peaks areas. Neither internal nor external chemical standers were used in this chromatographic analysis. Interpretation of the resultant mass spectra were made using a computerized library searching program, and by studying the fragmentation pattern of such compound which resulted from mass spectrometry analysis.
Results and Discussion
Quantification and Phytochemical Analysis of Extracts
The quantity of HME and its fractions (EtOAc, nBuOH, CHCl 3 and Aq) from sapwood, heartwood, and bark of three tree species are presented in Table 1 . The tree parts showed to have different amounts of HME, EtOAc, n-BuOH and Aq. By contrast, the CHCl 3 which contains alkaloids was not detected in some parts of trees. For example, sapwood of M. alba had 4.73 g/kg o.d. of CHCl 3 , whereas heartwood and bark didn't contain it. The phytochemical analysis of HME, presented in Table 2 , revealed the presence of alkaloids, steroids, saponins, tannin and steroids.
Antibacterial Activity of Extracts
The most effective extracts are shown in underline values ( Tables 4-6 . The HME had shown better antibacterial activity compared to its partitioning. Among the partitions, the EtOAc had the highest activity against the tested bacteria. As shown in Table 3 , the HME and EtOAc from heartwood and HME of bark from M. alba had the highest activity against the growth of B. cereus with IZs 21, 25 and 22 mm, respectively and these values were over the antibiotic used (17mm with clindamycin).
The most effective extracts against the growth of B. subtilis was presented by M. alba; heartwood (HME with 22.3 mm and EtOAc with 19.6 mm), sapwood (HME with 23 mm and EtOAc with 20mm) and bark (25.3 mm with HME), heartwood of C. glauca (n-BuOH with 17.8 mm).
Furthermore, these values had higher inhibition zone than positive control used (17 mm with novobiocin).
Science Target Inc. www.sciencetarget.com Some of the extracts from M. alba showed a good activity against the growth of S. aureus and higher than or equal to the reference antibiotic (22 mm with cephalothin) used (Yogisha and Raveesha 2009) . The activity was higher in heartwood (HME with 22.3 mm and EtOAc with 22 mm), sapwood (HME with 23 mm) and bark (HME with 22 mm). Additionally, the EtOAc from heartwood, sapwood and bark from M. alba had the highest effect against the growth of P. aeruginosa with IZs of 12.3, 11 and 10 mm, respectively, whereas these IZs were lower than the values from the antibiotic used (36 mm with tetracycline). Furthermore, the extracts from M. alba (heartwood HME with 20.1mm and EtOAc from sapwood and bark with 17 and 20 mm, respectively) showed good activity against the growth of S. marcescens.
The most effective extracts against the growth of E. coli were presented by M. alba (the HME and EtOAc from heartwood with 25.3 and 20.3 mm and sapwood with 20.3 and 21 mm, respectively, and bark HME with 21.3 mm). On the other hand, the highest activity was shown by the leaves HME from C. glauca (26.3 mm). These IZs were lower than the values from the antibiotic used (18 mm with clindamycin). Additionally, the HME and EtOAc from heartwood with 20 and 18 mm and bark with 21 and 17.4 mm, respectively, from M. alba presented the highest activity against the growth of A. tumefaciens. The MICs presented in Tables 4-6 were viewed in bold and underline. Table 4 observed that the HME from heartwood and EtOAcfr from sapwood, heartwood, and bark of M. alba had the highest antibacterial activity against all of tested bacterial strains at the lower concentrations (MIC around 16 µg/mL). In addition, it was found that the HME from bark and n-BuOH from heartwood had a good antibacterial effect on the growth of tested bacteria except P. aeruginosa.
Our results revealed that the MeOH extract from M. alba had a wider range of activity on the test organisms with high zone of inhibition when compared to the standard antibiotics (Omidiran et al., 2012) . From the previous results, the ethanolic extracts from M. alba exhibited moderate antimicrobial activities, whereas the aqueous extracts showed poor antimicrobial properties (Wang et al., 2012) and the ethanol with methanol fraction highly inhibited the growth of S. aureus (Moorthy and Boominathan, 2011) . Additionally, the alcoholic extract of the stem was found to be more effective with all the tested bacteria (Babu and Ammani, 2009 ). Moreover, the maximum antibacterial activity of methanolic extract was shown by M. alba (Koppula et al., 2010) .
The extracts from A. lebbeck showed a variety of antibacterial activity. The HME from heartwood showed good activity at lower MICs values ranged between 32 and 64 µg/mL. The methanol extract of bark exhibited good activity against E. coli (Uma et al., 2009 ). Other reports found that, only 100 mg /mL concentration or ethanol extract of A. lebbek displayed antibacterial activity against E. coli and this activity may be due to presence of flavone derivatives (Khan et al., 2010) . On the other hand, the total glycosides, cardenolide glycosides, anthraquinone glycosides isolated from the stem bark revealed antimicrobial activity against the test cultures of some bacterial strains. The mechanism of action of the active principles showed that the glycosides caused leakage of cytoplasmic constituents (Ganguli and Bhatt, 1993) .
Furthermore, it has also been shown that A. lebbeck has moderate activity against B. subtilis and E. coli (Acharyya et al., 2009 ) with MIC ranging from 0.125 to 32 mg/mL.
Data from Table 6 presented that the extracts from C. glauca had a weak activity against all the tested bacteria. Among them, the HME and EtOAc from heartwood displayed good activity against the growth of the tested bacteria. The antibacterial activity could be related to polyphenols and Science Target Inc. www.sciencetarget.com condensed tannins (casuarictin, casuarinin and casuariin) that were found in the branchlets of C. glauca (Shimokawa et al., 1991; Okuda et al., 1983) .
These results are of interest since they have been obtained with methanol extracts and were partitioned into some solvents, and are not a pure product. It could be considered to have a good potency level and it is possible to conclude that methanolic extracts of Morus alba, Albizzia lebbeck and Casuarina glauca had different level of antibacterial activity. The obtained results might be considered sufficient for further studies for the isolation and identification of the active principles especially from Casuarina glauca. Furthermore, it was cleared that the extracts from heartwood were well known in phytochemical studies and antibacterial screening of the extracts, and could represent an interesting perspective for significant complete inhibiting of bacterial (Lee et al., 2000) .
Of the investigated 7 bacterial strains, the more sensitive microorganisms were B. cereus, E. coli and S. aureus, while the most resistant ones were Pseudomonas spp. (Gómez-Estaca et al., 2010) . These results could be attributed to the cell wall lipopolysaccharides of gram-negative bacteria, which may prevent active components from reaching the cytoplasmic membrane (Ouattara at al., 1997) .
The strains which presented the biggest inhibition zones (diffusion method) are not always the most sensitive (value of MIC was lower) because the diameter of IZs does not reflect the antibacterial activity of a compound (Hernández et al., 2005) . Moreover, the IZ values could be affected by the solubility of the oil, the diffusion range in the agar, the evaporation (it can affect the dose), etc. (Cimanga et al., 2002) .
Overall, the ethyl acetate fractions from C. glauca heartwood and M. alba bark had the highest antibacterial activates, so that these fractions were subjected to GC-MS analysis to obtain the suggested chemical compounds as shown below.
Table 7
Suggested chemical compounds present in ethyl acetate fraction extracted from C. glauca heartwood by using GC-MS. Science Target Inc. www.sciencetarget.com 
Compound
Suggested Chemical Components in the Ethyl Acetate Fraction Extracted from C. glauca Heartwood
C. glauca is the most common species cultivated in different environmental conditions in Egypt. That is widely used as windbreaks, shelterbelts, and roadsides. Table 7 and Figure 1 are showing the chemical compounds in the ethyl acetate fraction from C. glauca heartwood and had 10 components. Formic acid, 1-methylethyl ester was the highest component in the EtOAc fr. from the heartwood of C. glauca with the yield (25.46%).It was also found that the EtOAc fr. contains the benzyl benzoate in a high value (23.94%) and 1,2-benzenediol or pyrocatechol in a yield of 13.73%.
Suggested Chemical Components of The Ethyl Acetate Fraction Extracted From M. Alba Bark
The suggested chemical components of the ethyl acetate fraction from the bark of M. alba had 11 components (Table 8 and Figure 2 ). The highest yield was found for resorcinol or 1,3-benzenediol (34.40%). The acid hydrolysis of this component was associated with wide range of biological activities against the growth of E. coli and B. subtilis (Ujita and Malik 2002) . It was also found that there were some components in slight concentrations such as, xanthatin,8-[4-[(amino carbonyl) methoxy] phenyl]-1,3-dipropyl in a yield of 5.87%, 2-amino-1-propanol (5.65%), cyclobutanol (5.22%), L-alanine, N-(N-acetyl-L-alanyl)-butyl ester (4.87%) and 2-heptanol, 6-amino-2-methyl (4.45%).
Conclusion
Timer trees represent a rich source of antimicrobial agents. Thus interest has been restored recently in the present investigation of some trees grown wildly in Egypt to identify novel active phytochemicals that might lead to new classes of microbial drug development. Among the antimicrobial activity of the partitions (ethyl acetate, n-butanol, chloroform and water), the polar partition (Ethyl acetate) appeared to be the most interesting because of its activity against several microorganisms. Among the bacteria, the Gram-negative bacterium P. aeruginosa was highly resistant to extracts treatments followed by the other Gram-negative S. marcescens. P. aeruginosa had not shown any recognizable response to the treatments with n-BuOH, CHCl 3 and Aq and had small inhibition diameters with the extract samples. The EtOAc fraction of wood and bark exhibited the strongest bactericidal action against all bacterial strains, and the mechanisms thought to be responsible for phenolic toxicity to microorganisms include enzyme inhibition by the oxidized compounds, possibly through reaction with sulfhydryl groups or through more non-Science Target Inc. www.sciencetarget.com specific interactions with proteins (Mason and Wasserman, 1987) . 
